Surgeons use operative procedure to save life and to treat patient's disease. Advances are made with new operations and/or designing and modification of surgical instrument. This paper reviews the great surgical advances in the United States in the last century, presented in tabular form and arranged chronologically by year of first publication. Major topics covered include: cancer management, pulmonary, cardiac and vascular surgery, war surgery, care of trauma and burn, minimal invasive and robot surgery, organ transplantation and facial reconstruction, medical and surgical devices.
Introduction
"Since the study of medicine is a lifelong learning process, the study of surgical history can contribute to make this educational effort more pleasurable and provide constant invigoration… There's really no way to separate one's own practice from the experiences of all the great surgeons that have gone before", so said the renowned surgical historian, Ira M. Rutkow (Rutkow, 2004) .
The discovery of ether and nitrous oxide as inhaled anesthetics should be counted as the dawning of modern surgery. On Oct 16, 1846, William TG Morton, a Boston dentist, persuaded Dr. John Collins Warren (1778-1856), Professor of Surgery at the Massachusetts General Hospital (MGH), to let him administer sulfuric ether to a patient from whom Warren went on to painlessly remove a small congenital vascular tumor of the neck. After the operation, Warren, greatly impressed with the new discovery, uttered his famous words: "Gentlemen, this is no humbug". Rutkow (Rutkow, 2004) ably pointed out that the surgical operation became a truly viable therapeutic procedure after the introduction of four fundamental clinical prerequisites identified and understood in the 1880s and 1990s: knowledge of human anatomy; method for controlling bleeding and maintaining hemostasis; general anesthesia; understanding the causes of infection along with methods necessary to achieve an anti-septic and aseptic operating room environment.
America's New England area had a long intellectual tradition and surgeons of Massachusetts made significant contributions to the development of surgery. Dr. J. Collins Warren, son of Dr. John Collins Warren, Professor of Surgery at the Harvard Medical School (HMS) and President of the American Surgical Association in 1897, was influential in helping to raise the standards of medical education at HMS and elsewhere by increasing the requirements for admission and lengthening the curriculum from 1 to 3 years (Friedmann, 2001 ).
Dr. William S. Halsted (1852 -1922 , as Professor of Surgery of the newly opened Johns Hopkins Hospital and Medical School, more than any other surgeon, set the scientific tone for the modern surgery. He introduced a different system of surgical care and resident training, which was referred to as a new "school of surgery". He emphasized research based on anatomic, pathologic, and physiologic principles and animal experimentation. After medical education and scientific research showed when and what operation could be a therapeutic necessity, performed safely and with good clinical results, surgery in general finally achieved the status of a bona fide profession in the early 20th century (Rutkow, 2004) .
As the sophistication of surgery grew, national and international surgical societies began to be formed. In America, the most important and influential one was the American College of Surgeons (ACS), founded by Franklin Martin, a Chicago-based gynecologist in 1913. During the centennial celebration of ACS, two books and a pamphlet have been published (Nahrwold & Kernahan, 2012; American College of Surgeons, 2012 & 2013 . I have summarized ACS's historical accomplishments in the areas of standardization of hospitals, surgical education and certification, cancer and trauma care systems, and surgical quality improvement programs in a separate paper (Lee, 2014) .
Among the three ACS publications, the book by Nahrwold and Kernahan (Nahrwold & Kernahan, 2012) concerned mainly with minutes of meetings of the ACS Board of Regents, polices, and administrative matters. The second publication (American College of Surgeons, 2012) written by chairmen, professors and famous surgeons is a collection of personal thoughts, recollections, and reflections. The book composed of 192 pages. But only four of its 23 chapters had a list of references. The third publication (American College of Surgeons, 2013) did present the surgical improvements and milestones by years. But two of the three publications do not have any index of names of surgeon and/or scientist nor the first new operation and/or surgical approach. It is difficult to find the pearls and tidbits buried between the covers. It is the main objective of this review to help readers to identify such information easily and quickly. Separated by major surgical topics, the years that new technique and/or advanced surgical care method were first reported are presented in tabular form and arranged chronologically. When information from the above three ACS publications is quoted in this paper, I have added their original page number(s) to help reader to check the source(s).
Historical Highlights of Cancer Management and Oncological Surgery
As early as 1920, Dr. Ernest Codman of MGH started the first cancer registry for bone sarcoma based on his "end-result" idea that hospital staffs should follow every patient they treated to determine treatment success and failure (Nahrwold & Kernahan, 2012: pp. 53-54) . He also initiated the first Mortality and Morbidity conference at the MGH in 1924. His original idea and pioneer work has been carried on and expanded by the ACS (American College of Surgeons, 2012: p. 67) . A Committee on Treatment of Malignant Disease was initiated by ACS in1922, later re-named and reorganized as the Commission on Cancer. National Cancer Data Base, a joint program of ACS and the American Cancer Society was formed in 1989. One year after its formation, it began capturing data from all the Commission on Cancer hospital program. Subsequently, it has become the largest tumor registry in the world. Chronological highlights of cancer management and advanced cancer surgical procedures are listed in (Table 1) .
It was pure coincidence that two major findings, one clinical (operation for breast cancer) and one basic scientific (angiogenesis) were both reported in the year of 1975. For clinical treatment of breast cancer, the Halsted's paradigm of 1907 that radical mastectomy was necessary was overturned by the many randomized clinical trials (RCT) carried out by the National Surgical Adjuvant Breast Project (NSABP) (American College of Surgeons, 2012: pp. 48, 94) . The NSABP was organized and founded by Dr. Bernard Fisher of University of Pittsburg in 1958.
Starting in 1971, 1st RCT of NSABP studied radical mastectomy versus total mastectomy for early breast cancer; 1600 patients were enrolled. Their first report in 1975 showed that the survival rates were statistically similar. A 25-year follow-up report of 2003 confirmed the result. In 1976, comparison of modified radical mastectomy versus lumpectomy ± radio-therapy, so called "breast conservation therapy (BCT)", was initiated and a 20-year follow-up again showed the results were similar. Subsequent researches have shown that post-operative adjuvant chemotherapy and/or hormonal therapy could improve the survival of such patients even more.
Another important landmark work of Dr. Norman D. Nigro was in designing a multi-modality treatment of squamous cell cancer of the anus, which increased the 5-year survival rate of 50% with surgery alone to 80% with chemo-radiotherapy and allowed 85% of the patients to avoid total proctectomy and permanent colostomy (American College of Surgeons, 2012: p. 107 ).
In a 1971 New England of Medicine article, Dr. Judah Folkman of HMS postulated that tumors required blood supply to grow and were angiogenesis-dependent. In 1975, he and a graduate student Henry Brem reported the discovery of angiogenesis in cartilage tissue, leading to the eventual development of anti-angiogenic therapies not just fighting cancer but also had enormous potential applications in tissue engineering, transplantation and treatment of ischemic state (Friedmann, 2001 ; American College of Surgeons, 2013: p. 17).
Historical Highlights of Pulmonary, Cardiac, and Vascular Surgery
In 1933, great advances were made in the field of pulmonary surgery by two thoracic In 1958, Dr. Mason Sone of Cleveland Clinic accidently injected 40 cc of dye into a patient's right coronary artery while performing a left ventriculogram. Asystole occurred, but it was corrected by the patient's cough. That episode showed that coronary angiogram was not harmful for the patient and the pictures showing segmental coronary artery disease. This eventually led to the development of coronary artery bypass operations using grafts of saphenous vein or internal mammary artery or endartectomy. Another important medical discovery of the 20th century was that low concentration potassium can cause temporarily cardiac arrest. Thus, surgeons can operate in a still, bloodless heart safely with low risk in all age groups. In 1924, Drs. Warren H. Cole and Evarts A. Graham co-developed a method to diagnose gall bladder disease using contrast media and X-ray to visualize the gall bladder (American College of Surgeons, 2013: p. 7). This newer scientific technology enabled surgeons to diagnose disease at earlier stage, to locate malignant growth while they are small, and to have more effective post-operative treatment. It also created an influx of surgical patients and helped the growth of surgery (Rutkow, 2004) During WWII (1942 WWII ( -1945 , as Surgical Consultant to the North Africa and Mediterranean Theater of Operations, Col. Edward D. Churchill, M.D. of HMS led advances in military medicine. He developed the use of delayed primary closure and early debridement of contaminated wounds, and improved the air evacuation process (American College of Surgeons, 2013: p. 11). COL. Churchill also developed the concept of phased wound management for the Army: initial surgery to save life and eradicate infection; reparative surgery minimize disability; reconstructive surgery and rehabilitation (DeBakey, 1996) . Experiences and lessons learned from subsequent Vietnam War, Korean War and the skirmishes of Operation Desert Storm in Iraq all contributed not only to military surgery, but also to medical science and civilian patient care (Lee, 1992) . Highlights of trauma, military surgical care and newer general operations are listed in (Table 3) .
In addition to physical injury, modern care of the patients with burn probably started with the Boston Cocoanut Grove fire on Nov. 28, 1942, in which almost 500 people died (Friedmann, 2001) . Dr. Francis D. Moore was on duty as a surgical resident at the MGH that night and the experience led him back to the research laboratory where he studied fluid balance, body composition, and metabolism that eventually led to his major classic textbook, The metabolic care of the surgical patient.
In 1939, Dr. Earl Padget devised an operative dermatome, which allowed calibration of the thickness of skin graft (Rutkow, 2004) . Dr. John F. Burke of MGH and HMS, and Ioannis Yannas, PhD, a professor of fibers and polymers at Massachusetts Institute of Technology did 12 years of research and invented artificial skin "Integra" grown from autologus cells to save extensively burned patient in 1981 (Friedmann, 2001 ; American College of Surgeons, 2013: p. 18).
Endoscopy, Minimal Invasive Surgery and Robot
From the inception of medicine, physicians and especially surgeons have desired a way to look inside the human anatomy to see and study the inner working of the body. This "look inside" is known as endoscopy. According to Dr. Jack W. McAninch, an urologist, the first primitive endoscopic instrument debuted in 1806, conceived and made by a German army surgeon, Philipp Bozzini, for the inspection of the pharynx and the nasal cavities (American College of Surgeons, 2012: p. 177). Later development of artificial light (from gas to electricity) and optics (mirrors and lens), lead to the improvement of earlier scopes. In 1877, a German physician Maximilian Nitze designed a cystoscope to inspect the urethra and inside bladder using a water-cooled electric lamp at the tip of the instrument. In 1888, the device became cheaper by using a miniaturized light bulb, which eliminated the need for the cooling system. Fitted with cautery cutting loops and knives, the instrument could remove tumor and cauterize the tumor bed to treat cancer. In 1926, a resectoscope was introduced by urologist Dr. Maximilian Stern of New York.
According to Dr. Gerald Healy, the father of modern endoscopy was Dr. Chevalier (Table 4) .
With advances in the hardware and software of computer science, operations per-formed by automatic mechanical device (robot) have become a clinical reality. In1985, a robot named "Ole", using a software developed by Dr. Yik San Kwoh, assisted in performing a brain biopsy in an area that was difficult to reach by conventional means. In 1992, Dr. Camran Nezhart reported the first laparoscopic radical hysterectomy and lymphadenectomy (American College of Surgeons, 2012: p. 114). Consider the "father of operative video laparoscopy", Nezhart's advances were bolstered by use of the first robotic arm to hold a camera in 1994. In 1998, robot first assisted in the open heart coronary artery bypass graft (CAGB) operation. In 2000, robot assisted in operations of the esophagus and pancreas (Table 4) . In 2001, a "Lindbergh Operation" was demonstrated using a robot doing a cholecystectomy in Paris under the direction of a surgeon in New York. In 2006, first unmanned robotic operation was performed in Milan where a defibrillator was placed in a patient using logics accumulated from thousands of operative data stored in a computer in Boston. In 2008, a robot performed resection of a part of the liver from a person who is the donor. The person did very well and was discharged home two days later.
In 2007, further modification of the usual MIS approach was made by the NOTES (Natural Orifice Trans-lumenal Endoscopic Surgery). NOTES was performed by inserting instrument through natural orifice (mouth, anus, urethra, or vagina) , instead of using multiple skin ports for manipulating the surgical instruments. In that year first trans-gastric cholecystectomy and first trans-vaginal appendectomy were performed (American College of Surgeons, 2012: p. 51).
History of Organ Transplantation and Facial Reconstruction
The first corneal transplantation was performed in 1905 but solid organs were a different matter (American College of Surgeons, 2012: p. 47 (Lee, 1965) . Other organs such as lung, pancreas, liver, heart were also successfully transplanted afterwards (Table 5) Reconstructive surgery has had dual goals: preservation of life and limb AND restoration of form and function. Over the decades, microsurgery has been continuously refined to produce a superior reconstruction that was aesthetically correct (American College of Surgeons, 2012: p. 161) . With the use of MIS and endoscopic techniques, flap destroyed by a chimpanzee 3-year previously. The 20-hour triple transplant operation was performed by a 30 member surgical team. In another teenager girl, whose nose, orbit and check were obliterated by a shotgun blast, surgical procedures included two cheek skin flaps, a three-stage pedicle forehead flap for total external nasal reconstruction. Rib grafts provided internal nasal skeletal support, and a radial forearm microsurgical free tissue was transferred for nasal lining (American College of Surgeons, 2012: p. 161). Many human organ and/or tissue mal-functions can be replaced or substituted with external or internal medical and surgical devices. As listed in Table 6 , some of these devices have replaced surgical approaches with excellent clinical results. 
1969
Dr. Denton Cooley of Texas 1st successfully implanted an artificial heart in a patient, followed by transplantation of a donor heart that kept him alive for 30-hour (Nahrwold & Kernahan, 2012: p. 270 
Concluding Remarks
Surgery, more than any other specialty in medicine, is a team effort. Surgeons use operative procedures to save life and to solve patients' problem. Advances are made with new operations and/or designing and modification of surgical instrument and medical device. Many of the development and innovation resulted from inter-department, interspecialty and multi-disciplinary collaboration. Some of the revolutionary and lasting researches were performed and completed by medical student, residents and/or surgical assistant. This review is written to celebrate the anniversary of 103th year of American College of Surgeons (ACS) and the 35th year of American Women Society (AWS). This review is not all inclusive and far from complete, because there are many other "surgical firsts" that I could not include due to space limitation. But, with highlights of modern surgical accomplishment and achievement presented here, we can applaud the surgical pioneers in the past and encourage all ACS/AWS members to work toward higher quality of surgery and better quality of life for humanity in the future.
